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(57) Abstract: The present invention belongs to the technical field of chemical looping combustion oxygen carriers, and particularly
relates to a nickel-doped brownmillerite-type oxygen catrier, a preparation method therefor and application thereof. The preparation
method comprises: dissolving a calcium salt, a nickel salt, an iron salt and an organic acid in water and then uniformly mixing same
to obtain a precursor, drying the precursor, and then calcining the precursor at 900-1200 ° C for 10 h, so as to obtain a nickel-doped
brownmillerite-type oxygen carrier. Compared with the existing chemical looping techniques, the method of co-preparation of hydrogen
and synthesis gas by means of the nickel-doped brownmillerite-type oxygen carrier overcomes the application defects of bio-oil in
chemical looping technology, and can promote the high-value utilization of bio-oil to obtain richer energy products; and the present
invention is more economical, has stronger practicability, and wider application prospects.

[ L& 5]



WO 2022/141978 AT | [0 00 0000 AP0 0 O

LR, LS, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL,
PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL,
ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, WS, ZA, ZM, ZW.

B EEE A EH, ZRE M RAERHhX
f£3) : ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ,
NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), EXIF (AM,
AZ, BY, KG, KZ, RU, TJ, TM), Ek¥ll (AL, AT, BE, BG,
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU,
IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT,
RO, RS, SE, SI SK, SM, TR), OAPI (BF, BJ, CF, CG, CI,
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

KERR

— B E PR IR A2 ().

G HE: KRB TR R BARBOR S, B AR 2 — P 85 26 05 8k 0 T8 S 80K B il 28 7 a0
N AR R AR P, B, BRER AT ML AN K VA AR Jm VR & 2 SRS AT B A, R RT IR AT
B J5 . E900-1200 C fBke 10h, Bl AT 3R A5 815 2% 415 8k 40 R S B AN A BT 1) B 35 2% 9 B A 7R SR BB AR Al 4% =
&M ESIA R BERORM L, SO 7 A il A2 10 2 B BOR N R BB, BE NS e BE A vk BE
R, BEEE SRR PR, SRR, RAE AT




WO 2022/141978 PCT/CN2021/089625

—FRB RS TR AR K I & 75 RN A

[EARFR]

AR IE T AC AR B A AR QU AR R B s IS8
PR SR A S LA 2 TR AR
[BREA]

Hot MR EE AR R, KRARLT e R =T
PRI I FETR . AR B S IX 23 3R S BE TR AN AR SR BE R A ik
W& R T I, BRI ARGt . FRE R AR KWHEEE, TIEA
AR A ER, B EUE I E A H R SR . (BRI AR
BRI 1B 8 ARG, B vt m . B E 2 RH™ &
il A Ak e PRI, AT TR A ) SR AR X B A R e B
CEON-3'E

AR, HE TP R AR R B, SE AN RHAR T — RAIHEAREA,
AL AR . AR SR . A F R ARG A T SR (MexOy)
HH ) A SRR R 2 SR, G A SR A S R AR BRI % 1L AT CO
RIEEBl . AR B3 H bR M0 B R, (B RE 2t  b e, 7 A e
PR RIRE A T AN ABER] SR T, S S8 R 72 e e 2 CO,
A0, 3655 EEAR ALK ZITL a5 S 7K BN B H,, - fie 2838 0 4 e B[
Al Al A, [EIN L fe 3k COse

Rt or B BB DL R A A B S R AR ES &, AL DM RREh SEBL T
WA SRR S, B RERHIR SRR LE. 212
Ry TAC AR R DL R A S B B BRI 20 R, ORISR = T YRR
FIRER, FFREAS BIBONALF RIS T S iR A (ZEEETE 98%Lh FD , )
HR T



WO 2022/141978 PCT/CN2021/089625

SR £ O LB TS L A R S R e
FANTERAT (Cabe.0,) FIIR LA B AR BRI IF FIE S
SR &, (R, AR R TR G PeC TR BRI
BlOBREAE 1SS, DR, N EA AT LG, TR ATk
TR SR T 0 B

ON01802495A ZAFF T i P FE 1A S8R A R B3 R R 77 Vi T 45
FUATE T 45 50 e B P 1 31\ B2 R 4% ORI S S+
RAE I I S48 PR AR ORI, T R M T TR
KL AT R AR RE A @A R AL, I H A A
FHEHG RO M A RO 7 250, (R B Cuy Ag. Feu N
Rh Pt S XEERRRAY. BAREHARTEAT T —FHReE 2 ek (i LR
IR, (ELIF B SO A 7V, ULt SELE A e AR 1

s LT, BUEHOR IS b 6 T 2 B R IR A B 2 ik 1 1
SRR 4 T
G

XA BRI L BRI, AR ) T SREE T — R AR5 A B A T A
PRRIBI %07, RS Ni B2 NT] CaFe0 h, {SBIFLERRT C-H R
B8 71, LA CadFe0, 7EBI ST I RO TR IR SY . 6 L2706 T M 25 TR 5
2 e R A, SBILLE — AN URE P 15D E 6 R A0 4 B A
FRIE, BRI Cabe.0) ARG . BRI ICMRIR. R 255 ]
B, AR AT AT R R A

NS R B, SRRV AT, 40T R Ak 4
TR IR 77, KA L BLEL . BRER R HURR K A I T 2 4]
ARG, MRTIRETHUS, 75 900-1200°CIEES 10h, EYRTSEAMRIE 2
A TR 1

(AR, PR R UM B B Mo'u FTARR S8 M 5 Mol 55 BTk

2



WO 2022/141978 PCT/CN2021/089625

PRIV B Moo, W FAIRHRI: (MolwtMole) : Mole=1:1, Moly:
Mole= (1-2) = (1-0.5)

fE ik, Prik A HLER Y0 BT & Mol W2 N 4IKHRA:
(Mol +MolptMole,) : Mol,=l: (2-4)

TERIRIE, BTSSR iR ey . SRR S b e —Fr, g
BN . SRR SR M, IRk AR R . &L
BRAERR AR rh i) — A, TR AR AT R IR . AR AR R g —
Fifro

eI, FrRIRE I s R, b, BRERE VIR IEA M
I N REAT IR, R ALY 80-100°C, HEHEIFAIDY 6-10h, fir
TR 100-120°C, T4 12-24h.,

AR IR 5 —ANT7 1, $R4E 7 — RS e g M AR, f R
HIT LT IR P 1) 8 7 VA 8 1T 1o

P IAR I 53— AN T7 1, R4 T — PR AR AT B A AR R
FITIR B e T B ROR B G s AL S S 5 RN, TR & i
—EABFI AR S S E, Fridmai A e gl oy 96%Lh F AR

e, BIELLTFDIR.

(1) BB IO B ARG SRS, R0 E S F MG
B

(2) WIFER AR GRS, FHRAR, ERESEHE A SR
B B AR

TERRIE, FrdPeR (1) RN TIET, kbl (2) EE
VDL P HEAT T B s N AR T IR 28 Y S 0L 8 P41 P AR AR IS 0 8

TERMRIE, FridPIR (1) Wi\ TKZES, Frik/KZES S5 EY T
RHEEREL (S/C) 9 0.1-0.5, FridBER (1) MR (2) B MNIRE N
800-1000°C,



WO 2022/141978 PCT/CN2021/089625

AR BA G BORA -

(1) A B H B ER 5 2 45 oy B AR A, Ni 45 44 5| 1Y) il AR W 2T
AR B )5 7R T AR, A B TRk R SRR I8, 386 m A S Y
BEORZE, B YA EAOCJF IR TR AR s, SR iR A B8 DL K 28
SEACH B AR T

(2) RRUBRBRMEA M ESEAEES, Hinm ik serts,
IR )RR, ST AW S S A A RS % @il T
ZEBRIRAG, AT RN R RO R A R, IR EE AT IR
7.20%; AEZREMHBRE M AE A IS 98%, oAzt 2 TR

m

ERIN

(3) ARYIRBRE R A B R B A IR S 2 5 5 R ATk 5 Ha
R A BRI EL, SOlk 1 AE VM AL 2 BEBOR b T B Be, R (et 2k
Vi SE R AL A R, A5 BI5E S R REVR ™ s D PERE Y, SRR A,
HLAT ) B L T HI S
KR B e

B 1SN AR U RS 2 A gk A LS B A E S AR =

P 2 S X EE Szt 1 ] 2 AR SR A Y XRD U

B3 S 1 2 BB XRD A A

P 4 S 2 2 BB XRD A A

B 5 S B 3 2 BB XRD A A

6 S e ] 4 2 BB XRD A A
(A& ]

NTAEAKRIIF P SRTT RIS EIERI A, LR aia A
FSERER], AR BIRATHE DA B . NG PEAR, A TR IA B H AR
S B LAEREAL Y, AR FRREAR RV shsh, i m
A A It 7 2P T K B BOR R AE R BRI 2 1) R A Jl vk SRl AT

4



WO 2022/141978 PCT/CN2021/089625

DA EH A

S it 91

STt 1

MRS AR R, B DL T v 1T

FREX 0. 20mol BUAHERS Ca (NOs) 5, 0. 175mol IR ER 2k Fe (NO,) 4, 0. 025mol
TR ER Ni (NOs)», 1. 20 mol RUATERIRE T e, [t oA 1000 ml %
BFK, HRMEREE 95° C Il se b n#dist sh /AR ATIR M. H5 Hir oK i
£ 105°CHIMEIR TEAT N, T 12h, SRS NS 3R, {8 1000°C NS
10h, BRI SRAFER B I A58 A AL S B AR, 10 CaFey N i 505 S E o

STt A5 2

MRS AR AR, R DA T R T

FREX 0. 20mol BIAHERS Ca (NOs) 5, 0. 150mol FIRSER 2k Fe (NO,) 4, 0. 050mol
R ER Ni (NOy) o, 1. 20mol RUFTERIRE TREM T, [Bept hin A 1000 ml %
BFK, RN E 95° C Il se b n it sh /AR ATIR M . 5 Hir oK 14
£ 105°CHIMEIR TEAT N, T 12h, SRS NS 3R, {8 1000°C NS
10h, BRI SRAGER B I A5 8 A AL S B AR, 100 CaFen soN o 5005 S B o

STt 3

MRS AR AR, B DL 77 R R 1T

FREX 0. 2mol FIREFRES Ca(NOs) 5, 0. 125mol YRS EREE Fe (NO,) 5, 0. 075mo]
R ER Ni (NOy) o, 1. 20mol RUFTERIRE TREM T, [Bept hin A 1000 ml %
BFK, RN E 95° C Il se b n it sh /AR ATIR M . 5 Hir oK 14
£ 105°CHIMEIR TEAT N, T 12h, SRJGNS IR, £E 1000°C NS
10h, BRI SRAFER B I A58 A AU EAR, 10 CaFeq N io w05 S E

STt 4

MRS AR AR, R DA T R T

FREX 0. 20mol BIAHERS Ca (NOs) 5, 0. 100mol FRSER 2k Fe (NO,) 4, 0. 100mol

5



WO 2022/141978 PCT/CN2021/089625

R ER Ni (NOy) o, 1. 20mol RUFTERIRE TREM T, [Bept hin A 1000 ml %
BFK, RN E 95° C Il se b n it sh /AR ATIR M . 5 Hir oK 14
£ 105°CHIMEIR TEAT N, T 12h, SRJGNS IR, £E 1000°C NS
10h, BRI SRAGER B I A5 8 A AU EAE, 10 CaFer Ny oo0s S

Xf HESEHE B 1

FREL 0. 20mol FIRYERES Ca(NOy) ., 0. 20mol HIRNEREE Fe (NO,) 4, 1. 20mol
RIFT B ER BT Bedih, Bt i 1000 ml £ B 7K, KPR E 95°
C AP IS EE 8h SRAFATIRIR . B ATIRRAE 105°C AIMHIR T W,
T 12h, RFRERA B3R, 1000 C AR 10h, RIATERISAGEL
A7 B, 10N CasFeq0s Sk 1A

0 S 151

XRD Yo A4 S 1-4 AT EE S 1 il i S B AR 2E4T XRD B,
MAREE RN 2-6 Frm. b, B2 EXFHSCEd] |14 R E B ERRT XRD
DR . B3 RS 1 A ) SRR XRD PP . B 4 & S 2 il
A AR XRD AR . B 5 e st 3 Hil 4 B EIE R XRD P
B 6 & SNt 4 4 B A AR A XRD A

M 2 ATLE H, RBIIAERIE I CaFe.0s B, KA Ni 4%
Ji, HE3-6 ATLUE H, Ni B8R0 A T2 Ni0. NiceFe, 0., CaFes0;
Fa B e

32 FH STt ]

AR R B 2 g AR B IE R S S S Al a =R, E 1
iR

L 35— 2 N IS K S A £ ] e R U R s v, S8 IR
P B ORI A U, ARSI KRR S AR, BT k.

J3 S 1. 1

(1) ¥ CazFey aNio 06 FAMHE TR I NS, 722550 T FHR

6



WO 2022/141978 PCT/CN2021/089625

F900°C, K5 AHEAWE B, FHPE N A

(2) FENHR M HCE B, R AR SR A Al e = B & &
FRAEL R A &R E W ERE R 0. 5% L PR AR . SR
Al N o M, MR 2 A

(3 JBANTKZE I B i ik B2 2/, A 2R 2 b Al e SRS
FRAEL R AP B R A I BB 2 0. 5% LA NN RS R . &R 4l
&N AT

J32 S 1. 2

ARSI 5 S S 1. 1 A F AT, HEEAE, AR
N CasFer soNio 5005

J3 S 1.3

AR SRS B S 1.1 ARIZARE T, FREUEARE, A
N CasFer ssNio 505

J3 Sl 1. 4

AR SRS B S 1.1 ARIZARE T, FREUEARE, A
N CasFer oNiio00se

J3 Sl 1. 5

AR SRS B S 1.1 ARIZARE T, FREUEARE, A
N CasFes0so

2. 55 2H N St

A S 5 B — A S AN R 2 AR AE T, RN SRR, Bk
LA CasFer soNiosoOs A, ZEARIB R BOREE N R, FARL TR,

SR 2. 1 ROBIRFE N 800°C.

JFH S 2. 2 J SRR 850°C .

JSFH S 2. 3 e SRR 950°C .

JS SR 2. 4 [ EE A 1000°C

7



WO 2022/141978 PCT/CN2021/089625

3. BB =N ISR AN FH S a5 2 — ER R S A X Rl AE T
LA Ca:Fer soNiosoOs JRE M, DR (2) BN T/KEES, HARWTT Tk,

RS 3. 1 KZ TS HoR A BE R EE (S/C) 2 0. 14,

R SCHER] 3. 2 KE TS IR B A BE R EE (S/C) 2 0. 28,

RS 3. 3 JKE TS HOR B A BE IR EE (S/C) 4 0. 42,

RS 3. 4 KET S IR BRAYBE /R EE (S/C) 4 0. 56,

TS N5 SR B SR B 0 3 IR RS R 10 38 24 38 3 .
Horr, &1 RE AN MRS R, £ 2 L8 AN R S
WG R, 3 58 =M e AL R

R 1R SIS R AR

5 A BORL I | RO = R | G ERA | AR TR | ARAE
Wz (%) (Nm*/kg) | & %) Ni’/kg (%)

SR sE R 1.1 CazFer sNig2s0s | 78.21 1. 06 66. 88 2.13 82.41

N R sE R 1.2 CazFer sNios00s | 75. 03 0.76 53. 24 2.06 85. 64

MSFsEREf 1.3 | CasFer 2Nion0s | 71. 46 0.62 44. 50 1. 99 82. 45

MFsEREf 1.4 | CasFerooNiioOs | 70. 18 0. 56 50. 70 1. 58 87.27

M FsEREaf 1.5 | CaFes0s 72. 45 1. 16 76. 36 1. 79 84. 09

R 2 A B S I S R AR

] B L | ARLBRFe | MR R | H R | AR | AR R
Qep & () (Nm'/kg) | & (%) Nm'/kg (%)

IS FH S 2.1 | 800 68. 21 0. 45 76. 83 2.63 71.51

IS FH S 2.2 | 850 70. 21 0. 54 63. 27 2. 36 78.65

ISP S 2.3 | 950 84. 18 0. 77 51. 60 1. 88 88. 17

SIS HEf) 2.4 | 1000 89. 45 0. 178 47. 36 1. 86 93. 29




WO 2022/141978 PCT/CN2021/089625

R 3 A B S A S R AR

5 KBk OB BORMIREE | R ER | ERAA | AR | AR E
(S/0) & (%) | (Nm'/kg) | F (%) N’ /kg (%)
NP St 3.1 | 0. 14 80. 21 1. 04 63. 27 2. 36 78.65
N FH S 3.2 | 0. 28 97. 20 1. 46 74.16 2.18 98. 04
B FH S 3.3 | 0. 42 99. 18 1.67 81. 60 1.78 98. 27
B FH S 3.4 | 0. 56 99. 95 1.78 83. 36 1. 46 99. 19
ZRE5e

ML T AT, Ni B2l , ORI AORRIE 1 3G, SR B
PR R Cale0s 5% Ni AR, X2 F30)5 Ni R
P T Casle,0s Pk AR, BT 2 FIE IR VE R S ik S %
R, MIBEAR T ARl (B, SaRBERND I, rTRLRFNEER
AR, BRI, B0 NI WEALERERAK, e,
CasPersNiosls FIER T PERERSS, (LN S EHl, AR RAL,
B AAEAR S RAE AR B

M 2 FTBEH, THEiR AR IR L R . R R, A
A BRI A AT ORI, RN R T SRR
R, IR VE R A 5 5 s R A e A A OB, AR T B R €O,
PEA L RAC. BEERERN T, AU RER . AT,
XEZE T R BURE AL R T, DR A K R s L s Hh BB 5 B
fiX, RHEAREREAE T . Za 2Pl N, REN 900°CH fi % Lt
BAM T2 HH

M 3 ATLUE H, 1 oK 28 T DR 3 B SR BB R
AR R R AR, R T REARI AR TR 5K
RIS AN R SN, 7 AR 2 CO AT Hyo [RIN, R FEE S N g%
AR ZE R F A R AREIECR, AU R R KRR I I 3



WO 2022/141978 PCT/CN2021/089625

e ETKBREEA 0. 28 I AR At T 2 A7k 28T M) S AR AL T 8 e
SRR, TP BT B REAC, KRR M2 3 5 0 N
PR ER AR, R RN B BRAE K 28RN T 5K OB AR SR i T A
TR, ARRE SRR,

ERIRL, AEBEE N 900°C, KEREEA 0.28 BF,  CaFersNios0s
FABE SRR A B A S B BT SRR, AR AREIE 98% Ll I,
S TS SR, [ BE I 45 B S

RBUFREARN A2 5 B, DL TR AU A R B B £E St 91 1 2
FHAF CARR S AR B, FLAEAR B ARG AP AR U2 4 A AT AT B i, 45
[ e A Odh 4%, SR AR AR R I B RV L2 Y

10



WO 2022/141978 PCT/CN2021/089625

" # E X

L — MRS AP R aUA RO 2% 7 v, R IEAE T, K ER . R
e BRERATCENURR I K AR I TR A B S RIS AT IRAR, K RTIRAA TS, A
900-1200°CH#xkE 10h, BRI AIZRAGERAS A P58k 1 AL A 3R

2. FRHERURESR 1 BTk hl & 0708, AR T, ik eR & P i i)
B Mol ATIRERERP )5 i & Mo e, 5 FITIR 85 R 40 B A1) B Mo Lea, T 2 T 51K
£ (Molu#Mole) : Mole=1:1, Moly: Mole= (1-2) : (1-0.5) .

3. ARIEBONEER 1 8L 2 Frid a6 7k, FARREE T, Frid A PRI
W ) B Mo Lucsas 542 FAISE R (MolutMolrtMole.) : Moluaa=1: (2-4)

4. ARABBCRIEER 3 Frid gl & 7570, FARFIELE T, Frid a5 & A iR s |
AL AR A A PR R, PRI AR SRR AR
R —Hh, TR BN IR R . FALBRRIBERR AP R — A, TR HL
FROAT R . 1A BRATSE SRR vh i —Fb

5. MHERRIELR 1 kil 771k, HAMEE T, FrikiBa5 2%
FEh . BER . BRENE MR R S WAL IS A EE N TR, AR
JE 8 80-100°C, $i BT 7] 4 6-10h, ATIR TR AZALE 100-120°C, T 12-24h.

6. — MRS IR PR B AR, JUREAE T, ARIEROR 2R 1-5 f£—
T I P 1] % 7 Vo 4 T 1o

7. ARHEAUHIZER 6 ik AR5 A A0 20 A S BRI R, HARFRAE T
FITIR B e T B ROR B G s AL S S 5 RN, TR & i
—EBAE SRS SR, IR mai S e R 2l Dy 96% L FRIEA

8. MABBUHZLR 7 Frik B2 AR5 o RV R BRI R A, HURHEAE T
AAE LR DR

(D BB RS A R EH RS EYIRG, PAFIE RS E S5

s

11



WO 2022/141978 PCT/CN2021/089625

(2) WIEAEFEEKERRN, FEEAR, CIESARE AR
15 A AT B R AR

9. FRAEBURIER 8 FINd IR 5 44 A0 B R I R , FLRRAEAE T
FTA IR (1D R R NPT, Frkb3 (2) LR NPT,
FIT IR H B g N 4 R T I 28950 s 28 351 R F T A PR SR 25

10. ARIEBCRIER 8 5 9 ARSI Pon B A BRI R, L5
MEET, FridBEg (1) i TKZES, AridKZES S APy o i
JREEN 0.1-0.5, FrikB8 (1) ARG (2) BRI A 800-1000C .

12



PCT/CN2021/089625

WO 2022/141978

X CQWF& .
fi& L\«&} :
)f i v, ,_,\,-5:«*"‘“'
1 ‘ ,I(,-!*f &
2 ik AR
A1

1/4



WO 2022/141978 PCT/CN2021/089625

Ca2F6205
=
&
2
'
=
L
=
[Ram)
; : ; : ; : ; : ; : ; : ; : ;
10 20 30 40 50 60 70 80 90
20(°)
] 2
NiQ

Ni0.6F62.4O4
Ca Fe, O

Intensity (a.u.)

10 20 30 40 50 60 70 80 90
20(°)

K3

2/4



PCT/CN2021/089625

WO 2022/141978
NiO
NiO.bFez.AOA
Ca,Fe O,
=}
&
2
‘7
=}
2
=1
—
T T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 90
20(°)
NiO
NiO.6F62.4O4
Ca,Fe,0
=}
3
2
'z
[=]
o]
=
=
. . . . . . . . .
10 20 30 40 50 60 70 80 90
2(°)

K5

3/4



WO 2022/141978 PCT/CN2021/089625

NiO
Ca,Fe O,

Intensity (a.u.)

40 50 60 70 80 90

20(%)

K6

4/4



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2021/089625

A. CLASSIFICATION OF SUBJECT MATTER

C01G 53/00(2006.01)i; CO1B 3/02(2006.01)i; CO1B 3/06(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C01G 53/-, CO1B 3/-

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

nickel, chemical looping, chemical chain

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS, CNTXT, CNKI, VEN, WEB OF SCIENCE: & #i{k, 5585, B, {12285, Ca2Fe205, oxygen carrier, perovskite,

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X Davood Hosseini et al. "Reversible Exsolution of Dopant Improve the Performance of 1-10
Ca2Fe205 for Chemical Looping Hydrogen Production”
ACS APPLIED MATERIALS & INTERFACES, Vol. 11, 30 April 2019 (2019-04-30),
pp- 18276-18284
A CN 111266113 A (NORTHWEST UNIVERSITY) 12 June 2020 (2020-06-12) 1-10
entire document
A CN 102441396 A (CHINA PETROLEUM & CHEMICAL CORPORATION et al.) 09 May 1-10
2012 (2012-05-09)
entire document
A CN 110683511 A (CENTRAL SOUTH UNIVERSITY) 14 January 2020 (2020-01-14) 1-10
entire document
A CN 107857301 A (SOUTHEAST UNIVERSITY) 30 March 2018 (2018-03-30) 1-10
entire document
A WO 2019003079 Al (RIGAS TEHNISKa UNIVERSITATE) 03 January 2019 (2019-01-03) 1-10
entire document
A EP 3101718 A1 (NAT UNIV CORP HOKKAIDO UNIV) 07 December 2016 (2016-12-07) 1-10
entire document

D Further documents are listed in the continuation of Box C.

See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

> document published prior to the international filing date but later than
the priority date claimed

«1> later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

D&

wyr

g

Date of the actual completion of the international search

16 September 2021

Date of mailing of the international search report

23 September 2021

Name and mailing address of the ISA/CN

China National Intellectual Property Administration (ISA/
CN)

No. 6, Xitucheng Road, Jimengiao, Haidian District, Beijing
100088, China

Facsimile No. (86-10)62019451

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2021/089625
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 111266113 A 12 June 2020 None
CN 102441396 A 09 May 2012 CN 102441396 B 09 December 2015
CN 110683511 A 14 January 2020 CN 110683511 B 22 December 2020
CN 107857301 A 30 March 2018 None
WO 2019003079 Al 03 January 2019 Lv 15381 B 20 October 2019
Lv 15381 A 20 January 2019
EP 3101718 Al 07 December 2016 JP WO2015115592 Al 23 March 2017
EP 3101718 Bl 28 November 2018
ES 2710074 T3 22 April 2019
us 2016344037 Al 24 November 2016
WO 2015115592 Al 06 August 2015
us 10693145 B2 23 June 2020
JP 6436444 B2 12 December 2018
EP 3101718 A4 26 July 2017

Form PCT/ISA/210 (patent family annex) (January 2015)



E R ERS [ i
PCT/CN2021/089625

A ESIRbaES
CO1G 53/00(2006.01)i; CO1B 3/02(2006.01)i; COIB 3/06(2006.01) i

FZIR PR R 23 3% (TPC) B ] 4% 8 ] 28 7 SRR TPC P ok 702K

B. e FR U

T2 A AR PR BE SRR (PR » R ARG M) 2K5)
€016 53/-, CO1B 3/-

AR AL TR AU 10 o o I PR B SR L AR AR R 2R STk

7E [ Fr e 2 B 2 5 (0 e AR e (RO FE ) 48, P P R (D )
CNABS, CNTXT, CNKI, VEN, WEB OF SCIENCE:&#ZkfiEk, 5484, 4, 1h3%E, Ca2Fe205, oxygen carrier, perovskite

nickel, chemical looping, chemical chain

C. PRI
KA BRSO, BN, JSHASEETE A2 AR sk
X Davood Hosseini%s. “Reversible Exsolution of Dopant Improve the Performance 1-10
of Ca2Fe205 for Chemical Looping Hydrogen Production”
ACS Appl. Mater. Interfaces, #511%%, 20194F 45 30H (2019 - 04 - 30),
#518276-18284 111
A CN 111266113 A (FHIL K= 20204F 6H 12H (2020 - 06 - 12) 1-10
A5
A CN 102441396 A (P EA ML TERMGERATE) 20124 55 9H (2012 - 05 - 09) 1-10
A5
A CN 110683511 A (P EgK=) 20204F 1H 14H (2020 - 01 - 14) 1-10
A5
A CN 107857301 A (ZREgR%) 20184 3H 30H (2018 - 03 - 30) 1-10
A5
A WO 2019003079 Al (RIGAS TEHNISKa UNIVERSITGTE) 20194 1H 3H (2019 - 01 - 03) 1-10
A5
A FP 3101718 A1 (NAT UNIV CORP HOKKAIDO UNIV) 20164F 128 7H (2016 - 12 - 07) 1-10
A5
[Nacssepprecms: b . TR R
* Bl CrFE R AR e FEEIEEBILAALE 25 A, 5 AR AR, (H TEAR
“pr PCHAER B R T I A — BRR A RSO R 2 B e B 7 e S
“g” EE%$%E%%%&ZE®E%E%$%&%% X GHESHIH, BERERTE, URERRPHZATR
LY AT BRI A TSR R BRSO, B S — RS F S pman Al X
x g VSRR S AT e
E%E?ﬁ%%mﬁ%lﬂm%%ﬁmﬁﬁ%miﬁ<WE% ¢%Dﬁ?$ﬁ@&*kﬁﬁﬁﬁ%%ﬁugkﬁﬁmﬁ
“07 WROSATF. . BB R A TR “”ﬁfﬁﬁ@@ﬁ
«pr A 46 R i EER T BRI R (s A (S0 & BRI SOr
| o A% 2R S e i A H B | BrrAdr 2 40 25 1R 2 H 29
20214F 98 160 20214F 94 23H
TSA/CNF 42 5 Rl 25 H SRE R
b [E [ ZR &0 B (ISA/CN) 25y
e b TR B ARG L6 S 100088 Rl
£E5S (86-10)62019451 1551 86-10-62084694

PCT/1SA/210 3 (58271) (20154E1 1)



R H S
XTREERNESR PCT/CN2021,/089625
Wit 4 8 0 B RS el Gl el
CN 111266113 A 20207F 6H 12H T
CN 102441396 A 20124F 5H 9H CN 102441396 B 20154 12H 9H
CN 110683511 A 20204F 18 14H CN 110683511 B 20204F 128 22H
CN 107857301 A 20184 38 30H T
WO 2019003079 Al 20194F 1H 3H LV 15381 B 20194F 108 20H
LV 15381 A 20194F 18 20H
EP 3101718 Al 20164 128 7H JP W02015115592 Al 20174F 38 23H
EP 3101718 B1 20184 117 28H
ES 2710074 T3 20194F 48 22H
us 2016344037 Al 20164F 118 24H
WO 2015115592 Al 20154 8H 6H
us 10693145 B2 20204 68 23H
JP 6436444 B2 20184 128 12H
EP 3101718 A4 20174F 7H 26H

PCT/1SA/210 R (FMIREFMM) (201551 )




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

